Understanding inter-specific variation in social systems is a major goal of behavioural ecology. 23
Introduction 42 43
Animals show remarkable inter-specific variation in social systems [1, 2] , and understanding the 44 sources of this diversity is a major goal of behavioural ecology. Social systems are characterized 45 by four components [3, 4] : i) social organisation: the size, sex-age, and kin composition of 46 groups, ii) mating system, iii) social structure: relationships emerging from repeated interactions 47 among individuals, and iv) parental and allo-parental care. These components are interdependent. 48
For example, the number and spatial distribution of individuals characterize their social 49 organisation but also constrain their mating tactics [4] . 50 
51
There have been numerous comparative analyses of mammalian social organisation [6] [7] [8] . 52
However, inconsistent results have emerged from these studies for several taxa, including 53 primates and carnivorans. In primates, it has been suggested that pair-living species evolved 54 exclusively from solitary [7] or from both solitary and group-living ancestors [8, 9] . In 55 carnivorans, the long-held hypothesis that social evolution involved transitions in social 56 organisation from a solitary ancestor into more advanced forms of group living [solitary ancestor 57 hypothesis: 10, 11] has been questioned [6] . 58
59
These inconsistent results likely occurred for several reasons. First, studies have relied on 60 different datasets, methods of analysis, and conceptual frameworks [3] . In an effort to account 61 for as many species as possible, some studies relied on information from secondary sources and 62 taxonomic inference, such as the untested assumption that members of the same genus share the 63 same social organisation [12] . Other studies used confusing terminology or failed to distinguish 64 between social organisation and mating system [3] . For example, some studies inferred 65 monogamy (mating system) from the observation of male-female pairs (social organisation) [ We first describe interspecific and intraspecific variation in artiodactyl social organisation, using 110 only data from published studies on wild populations. Our second objective was to infer the 111 ancestral social organisation of artiodactyls. We used a detailed phylogeny and modern 112 comparative methods to evaluate competing hypotheses about artiodactyl social evolution, 113 namely 1) from pair-living to group-living [7] or 2) from IVSO to single types of social 114 organisation [6]. Our third objective was to determine the extent to which habitat, sexual 115 dimorphism, body size and breeding seasonality predict variation in social organisation. We used the mammal supertree from Bininda-Emonds et al. [48] . Some species names in the 161 database had to be amended to match the phylogeny as detailed in the accompanying R code. In 162 virtually all cases, a name mismatch could be resolved by finding a pseudonym for that species 163 through www.iucn.org, or by using a sister species that was not included in the database. The intercepts reflect a non-seasonally-breeding species of ancestral body size and sexual 214 dimorphism that lives in only one habitat and was studied once. An ancestral population with 215 these characteristics was predicted to have a variable social organisation with significantly higher 216 probability (0.77, 95% CI 0.29-1.00) than any non-variable form (Figure 1) . 217 studies that all species have only one social organisation [7, [59] [60] [61] . Failing to account for 247 intraspecific variation will likely result in spurious conclusions about social evolution, slowing 248 theoretical advancement [17, 25] . Using modern phylogenetic methods, we can now easily 249 account for IVSO by analyzing data at the population rather than the species level. Moreover, 250 greater effort should be made to build datasets from high-quality, primary sources rather than 251 relying on secondary sources and taxonomic inference. 252
253
Our results change our understanding of social evolution. Both Jarman [18] and Pérez-Barbería 254 et al.
[13] assumed in their early comparative studies that the ancestral artiodactyl was socially 255 monogamous (pair-living) with evolutionary transitions to polygyny and group-living. In 256 contrast, Lukas & Clutton-Brock [7] argued that solitary living was the ancestral condition for 257 most mammalian orders, including Artiodactyla. Contrary to these studies, our analysis estimated 258 the ancestral social organisation to be variable, with possible transitions to both pair-living or 259 group-living depending on body size, or sexual dimorphism and breeding seasonality, 260 respectively (or possible unmeasured variables that cause variation in these factors). Thus, our 261 study supports the argument that IVSO plays an important role in the evolution of mammalian 262 social systems [6, 17] . caffer) there is a rotation system in which breeding males join herds of breeding females for a 289 period of time [67] . During this time, the males breed and fight, but then re-join bachelor groups 290 to recover from the energetic costs of breeding [67] . 291 292
In conclusion, our study demonstrated three major points regarding social evolution: 1) ancestral 293 artiodactyl social organisation was variable and not pair-living, as was long assumed, 2) in 294 artiodactyls, the frequency of IVSO increased with increasing sexual dimorphism and decreased 295 with body size, and 3) taking IVSO into account and using a high-quality dataset significantly 296 changes our understanding of social evolution. Our study should motivate future efforts to 297 understand the importance of IVSO in animal social evolution. 
